Objective: To evaluate the efficacy of a multimodal venous thromboembolism (VTE) prophylaxis including preoperative thrombophilia screening for total hip and knee arthroplasties (THAs and TKAs) and to consider the possibility of utilizing thrombophilic blood markers for preoperative identification of patients with high risk for VTE.
Introduction
Total hip and knee arthroplasties (THAs and TKAs) are highly successful treatments for severe arthritis to remove pain, increase functional ability, and improve the quality of life. [1] In 2009, there were an estimated 284,000 primary THAs, 45,000 revision THAs, 619,000 primary TKAs, and 59,500 revisions TKAs performed in the USA, and these numbers are expected to increase in the future. [2] Generally, the factors related to surgery including the operative procedures, the use of pneumatic tourniquet, and the heat of bone cement, together with the patients' inherent factors and intra-and post-operative immobilization are thrombogenic stimuli, which are part of Virchow's triad of hypercoagulability, hemodynamic stasis, and endothelial injury. [3] The surgery is a traumatic event that increases the risk of venous thromboembolism (VTE) including deep venous thrombosis (DVT) and pulmonary embolism (PE). Especially THAs and TKAs have been reported to have high incidence of VTE in surgery. [4, 5] The incidence of DVT without prophylaxis after THAs and TKAs has been reported to be 42 to 57 % and 41 to 85 %, and the incidence of fatal PE is 0.1 to 2.0 % and 0.1 to 1.7 %, respectively. [6] However, VTE is considered to be a preventable cause of hospital readmission and death. [7, 8] Traditional VTE prophylaxis is composed of mechanical and pharmacological categories. The mechanical treatments with early mobilization, the use of elastic stocking, intermittent pneumatic compression (IPC) and venous foot pump (VFP) devices work against the immobility status to prevent blood stagnation and promote blood circulation. [9] The pharmacological prophylaxis has been developed with many anticoagulant agents, i.e. aspirin, warfarin, unfractionated heparin, low molecular weight heparin (LMWH), factor Xa inhibitors, and thrombin inhibitors. However, the most effective or the gold standard treatment for VTE prophylaxis with the optimum outcome, minimum risk and acceptable expense after THAs and TKAs remains undecided. [10] This situation has been made more confusing by the assumption discussed by all of the published studies, that all patients undergoing THAs and TKAs present with an equal genetic potential for suffering of a VTE event. This is a wholly unsupported assumption which compromises the conclusions made regarding the benefits of one prophylaxis protocol or agent over another.
A multimodal thromboprophylaxis with regional anesthesia, VFP, early mobilization and aspirin has been applied at our institution, and the outcome was acceptable without any critical complications or fatal VTE. [11, 12] However, the question remains of whether additional approaches are needed for preventively and objectively identifying patients with inherent or acquired thrombophilia condition. [13] We hypothesized that a multimodal VTE prophylaxis with aspirin would be able to perform even better if we could identify and exclude patients with a demonstrated increased risk for VTE. Thus, the primary objective of the present study was to evaluate the efficacy of a multimodal VTE prophylaxis with preoperative thrombophilia screening examinations involving preoperative physical evaluations and duplex venous ultrasonography for THAs and TKAs. Moreover, many blood markers for thrombophilia screening have been reported, however, it is still debatable which markers are reliable and how to use these markers for patient selection before surgery. Therefore, the second objective was to consider the possibility of utilizing thrombophilic blood markers for preoperative identification of patients with high risk for VTE.
Patients and Methods
Between January 2011 and June 2014, 135 primary and revision THAs and TKAs were performed by a single surgeon with a multimodal VTE prophylaxis in 113 unselected, consecutive patients. Prior to the surgery, all patients received preoperative physical evaluations by their primary care physicians. Patients without all items of laboratory examinations were excluded.
Preoperation
To detect thrombophilia as a high risk condition for VTE, physical evaluation, involving the medical history of previous VTE, recent malignancy, and preoperative prolonged immobility status, and the existence of DVT by duplex venous ultrasonography were assessed for all pre-surgical patients. Moreover, laboratory examination of complete blood count and standard biochemistry with factor VIII, activated protein C resistance (APCR), and prothrombin gene mutation were measured.
Those patients with positive physical evaluations and a pre-existing DVT were regarded as having an increased thromboembolic risk. These patients were examined by hematologists at our institute, and treatments with a removable inferior vena cava (IVC) filter and anticoagulants of warfarin, heparin, or LMWH, were applied to maintain blood coagulation level at international normalized ratio of 2.0, when necessary. IVC filters were usually removed 3 months after surgery.
Intraoperation
Regional anesthesia was undertaken, in which the physical conditions were stable and pain management was achieved. Otherwise, patients were operated under general anesthesia.
THAs were performed through a posterior approach with noncemented FMP Acetabular and Revelation Hip System (DJO Global, Vista, CA). TKAs were performed through a parapatellar approach with cemented 3DKnee System (DJO Global, Vista, CA). Patella was replaced in all cases. Pneumatic tourniquet was applied only during cementing process, usually 15 to 20 minutes.
VFP (Covidien, Mansfield, MA) were worn on the contralateral site foot from the beginning of surgery, and on the surgical site from just after surgery. This device consists of an anatomically shaped inflation pad and cushioned foot cover that can withstand a period of rapid inflation (0.4 seconds) followed by a 3 second impulse hold time to achieve a pressure of 130 mmHg and a 20 second deflation period.
Postoperation
VFP were worn on both feet throughout hospitalization, usually for two to three days after surgery. Ankle and toe mobilization was started with a physical therapist from the night of surgery. Full weight bearing ambulation with a walker, crutches, or a cane was started from the morning of the first postoperative day. Patients received two sessions of physical therapy per day during their hospitalization. Aspirin (acetylsalicylic acid) 325 mg daily was administrated for six weeks, started from the night of surgery. Celecoxib (COX-2 selective nonsteroidal anti-inflammatory drug) 400 mg per day and oral opioids were prescribed for breakthrough pain.
All patients were followed for three months after surgery, and none was lost to follow-up. Standardized clinical criteria were used to identify probable cases of DVT (tenderness or discomfort of the calf or thigh, a positive Homan's sign, edema of the leg and ankle, and increase in local temperature) or PE (pleuritic chest pain, dyspnea, arterial blood gas measurements, changes in the chest radiograph and/ or changes in the electrocardiogram). [11] Routine venography or duplex venous ultrasonography was not performed. This study was approved by Institution Review Board (IRB). All patients provided informed consent. No funding or financial benefits were provided to the authors for the project from any source.
Statistical Analysis
Descriptive statistics were used to describe the subject population and evaluate the incidence of VTE. Fisher's exact tests were used to compare the rates of VTE for each of the variables included. Logistic regression was used to identify factors related to the occurrence of VTE while controlling for all other variables. All statistical analyses were performed with SPSS version 19.0 software (SPSS Inc., Chicago, Il), and significance level was set at p < 0.05.
Results
Ninety-nine cases in 83 patients were enrolled. Sixteen patients had received 2 separated surgeries during this time periods (Table 1) . Of 99 cases, 42 were male and 57 were female. The mean age was 68 years (range from 36 to 92 years). Fifty-two cases were primary THAs, 32 were primary TKAs, 11 were revision THAs, and 4 were revision TKAs. Six patients with 8 cases were severely obese (40 kg/m 2 >BMI ≥ 35 kg/m 2 ), and 5 patients with 6 cases were morbidly obese (BMI ≥ 40 kg/m 2 ). The procedures of anesthesia were regional in 81 cases (81.8%) (femoral nerve block : 1, epidural : 21, spinal : 59), and general in 18 cases (18.2%).
One patient with a revision THA had already had a permanent IVC filter in place at the time of initial consultation, because of a prior history of PE and chronic distal DVT. No additional VTE treatment was performed for this patient, however, he did not have any further episode of VTE. IVC filters were placed for 6 cases in 5 additional patients, and thus, the total was 7 cases in 6 patients. Acute DVT was detected postoperatively in 5 cases in 4 patients, all of which were distal. An IVC filter had been newly placed preoperatively in only one among these 5 cases in 4 patients with acute DVT, and this was the only case of acute DVT among the 6 newly placed filter cases.
Six patients had previous VTE histories, and 1 patient, as mentioned above, had already received a filter. Because 2 out of 5 patients had rejected treatments with a filter and additional anticoagulants, these patients received only the standard treatment with aspirin, and the other 3 patients received new filters and additional anticoagulant treatments. One patient with a newly placed filter had acute DVT after surgery, however, there was no fatal VTE.
All patients suffered from severe hip or knee pain preoperatively, however, none were categorized as critically immobilized.
For malignancy, 6 patients with 8 cases had histories, and 5 patients with 6 cases were in remission. One patient with 2 cases was suffering from an advanced stage breast cancer, however, that patient rejected any additional anticoagulant and/or filter treatment. She received only our standard treatment, however, there was no critical VTE after surgery. Thus, no filter nor additional anticoagulant treatment was applied for malignancy in any cases.
Ten patients with 15 cases had histories of cardiovascular diseases, and they consulted cardiologists. Most of these were treated with warfarin, started before surgery.
In the preoperative laboratory examinations, factor VIII was elevated in 40 patients with 49 cases, in which all the acute and chronic DVT cases were included (P=0.012). APCR was lower than normal in 2 patients with 2 cases, however, these cases did not involve any VTE episode. Heterozygosity of prothrombin gene was shown in 4 patients with 5 cases, in which one case had a prior VTE history, 1 case had prior VTE and chronic DVT, and 1 case had prior VTE and acute DVT ( Table 2) .
A 71-year-old male, who had suffered from hypertension, hypertrophic obstructive cardiomyopathy, aortic regurgitation, and diabetes, died 2 weeks after primary TKA under general anesthesia. However, autopsy determined cause of death to be acute myocardial infarction. Consequently, there was no patient readmitted or reoperated with critical bleeding, major wound complications, or critical VTE.
Discussion
VTE is a common multicausal disease affected by interaction of genetic, environmental and behavioral factors. [14] Many surgeons tend to focus on DVT prophylaxis to prevent VTE, however, low correlation has been found between DVT and PE. [9, 15 ] Accordingly, we have been applying a multimodal VTE prophylaxis to manage each risk factor of VTE step by step.
Firstly, to minimize the immobilization period, VFP and early mobilization are applied. However, additional chemoprophylaxis is still thought to be necessary, especially for patients at high risk for VTE. [9] Recently, many anticoagulant agents have been developed and applied to target different steps of the coagulation cascade, in which fibrin becomes blood clot at the end. The balancing of clotting and bleeding is essential, however, some of the recent anticoagulants are costly and may increase such wound complications as hematoma, delayed wound healing, surgical site infection, and uncontrolled bleeding. [13, 15] Thus, the routine use of these agents for all patients has been questioned. [16] Aspirin, an antiplatelet drug, does not directly affect the coagulation cascade, and thus results in much less bleeding complication than aggressive anticoagulants. [15] Recently, the two most commonly applied guidelines, published by the American College of Chest Physicians (ACCP) and the American Academy of Orthopaedic Surgeons (AAOS) in the USA, have accepted aspirin as a VTE prophylaxis agent. [17] The use of regional anesthesia has been shown to decrease the incidence of VTE and to attain the rehabilitative goals more rapidly compared to general anesthesia. [18] Consequently, regional anesthesia was applied for most of our cases, other than the physically morbid and some bilateral and revision cases. Because of its low risk for bleeding complication, aspirin could be applied safely even after spinal and epidural anesthesia. [15] The efficacy and safety of VTE pro- phylaxis using regional anesthesia, VFP, early mobilization and aspirin for THAs and TKAs had been confirmed. [4, 11, 12, 15, 16, 19] However, it is still debatable whether aspirin is adequate for high risk patients of VTE. [13] Thus, preoperative screening examinations were used to detect and eliminate high risk patients, rather than applying the potent anticoagulants routinely to all. Obesity is commonly considered to be a risk factor of VTE. [4, 16] However, while obesity has been reported to be a risk for peripheral edema, wound inflammation, and wound infection, [20, 21] at least, no critical VTE was detected in the severe and morbid obese patients in the present study. Cardiovascular disease is a high risk for arterial complications, and actually one patient in this study died of acute myocardial infarction. However, cardiovascular disease, itself, is not directly linked to high risk of VTE. [14] Blood markers have also been examined to detect thrombophilia conditions. [14, 22] D-dimer rises during an acute event of VTE, however, it has been reported not to be an adequate marker for VTE risk screening, because the value easily varies depending upon the conditions and timing of taking blood samples. [23] Elevated factor VIII has been reported to increase the risk of VTE. [22, 23] Forty-nine among our 99 cases (49.5%), i.e. 40 among 83 patients showed elevated factor VIII levels, and all acute and chronic DVT cases in our study were included among this group with statistical significance. However, further research for the threshold of this marker for VTE risk screening is necessary. Factor V Leiden is a common genetic risk factor for VTE, and over 80% of the APCR phenotype can be explained by the factor V Leiden mutation. [24] Thus, we examined APCR levels, and 2 patients with 2 cases showed lower than normal, however, they had no episode of VTE before or after surgery. Prothrombin gene mutation has been shown to be associated with a high risk of VTE. [24] In the present study, prothrombin mutation seemed to have a relation to VTE. However, the benefit and accuracy of routine blood marker examinations for thrombophilia screening could not be proven even in our results. [24] [25] [26] Thus, blood markers have been used only as a reference at our institute.
After preoperative thrombophilia screening, we placed new filters and administered additional anticoagulants for 5 patients, and one among those 5 patients developed acute DVT. The remaining 4 patients did not have any VTE episodes after surgery. However, we do not know whether these were over treated or if VTE had actually been prevented in some patients by the multimodal prophylaxis.
This study has several limitations. It was a retrospective analysis based on a data source. It was not designed to investigate the incidence of VTE, nor did it include a control group. DVT evaluation was performed only for symptomatic patients, and thus asymptomatic DVT was not elucidated. Although we had never had any case of critical VTE with our multimodal VTE prophylaxis before introducing the VTE risk screening, we thought the screening to be beneficial for detecting high risk patients preoperatively. [11, 12] Therefore, we applied the preoperative thrombophilia screening examinations, and tried to evaluate their usefulness in this study. Unfortunately, many patients had to be excluded from this study because of lack of blood marker data from primary care physicians.
The costs of blood screening examinations, duplex venous ultrasonography evaluation and IVC filter placement are much less than those associated with the use of recent anticoagulants or the cost for readmission, reoperation, or critical PE treatment. Therefore, our multimodal prophylaxis with preoperative thrombophilia screening is thought to be beneficial for THAs and TKAs, as it reduces the need for aggressive anticoagulants.
Conclusions
As there was neither critical bleeding nor fatal VTE when applied for THAs and TKAs, the efficacy of our multimodal VTE prophylaxis with preoperative thrombophilia screening examinations and mechanical and pharmacological prophylaxis has been confirmed. Further research, however, is necessary to discuss factor VIII and prothrombin gene mutation as useful markers for preoperative VTE risk assessment.
